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Abstract

Background: Childhood asthma is imposing a great financial burden on the pediatric health care system. Asthma costs are
directly related to the level of asthma control. A substantial part of these costs may be preventable by the timely and adequate
assessment of asthma deterioration in daily life and proper asthma management. The use of eHealth technology may assist such
timely and targeted medical anticipation.

Objective: Thispaper describesthe Ambulatory Pediatric AsthmaCare (ALPACA) study protocol to investigate the effectiveness
of an eHealth intervention consisting of remote patient monitoring and tel econsultation integrated into the daily clinical care of
pediatric patients with asthma. This intervention aims to reduce health care utilization and costs and improve health outcomes
compared to a control group that receives standard care. In addition, this study aims to improve future eHealth pediatric asthma
care by gaining insights from home-monitoring data.

Methods: This study is a prospective randomized controlled effectiveness trial. A total of 40 participants will be randomized
to either 3 months of eHealth care (intervention group) or standard care (control group). The eHealth intervention consists of
remote patient monitoring (spirometry, pulse oximetry, electronic medication adherence tracking, and asthmacontrol questionnaire)
and web-based tel econsultation (video sharing, messages). All participants will have a 3-month follow-up with standard care to
evaluate whether the possible effects of eHealth care arelonger lasting. During the entire study and follow-up period, all participants
will use blinded observational home monitoring (sleep, cough/wheeze sounds, air quality in bedroom) as well.

Results: This study was approved by the Medical Research Ethics Committees United. Enrollment began in February 2023,
and the results of this study are expected to be submitted for publication in July 2024.

Conclusions: This study will contribute to the existing knowledge on the effectiveness of eHealth interventions that combine
remote patient monitoring and teleconsultation for health care utilization, costs, and health outcomes. Furthermore, the observational
home-monitoring data can contribute to improved identification of early signs of asthma deterioration in pediatric patients.
Researchers and technology developers could use this study to guide and improve eHealth development, while health care
professionals, health care ingtitutions, and policy makers may employ our results to make informed decisions to steer toward
high-quality, efficient pediatric asthma care.

Trial Registration: ClinicalTrials.gov NCT05517096; https://clinicaltrials.gov/ct2/show/NCT05517096

International Registered Report Identifier (IRRID): PRR1-10.2196/45585
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Introduction

Background

Asthmais one of the most common pediatric chronic diseases
with apreval ence between 7% and 10% [ 1,2]. Childhood asthma
imposesasignificant physical and social burden on the affected
child and their family. It may prevent children from participating
in play and recreationa activities, hamper socia contacts, and
lead to school absence and reduced school performance [2-4].
Asaresult, children with asthma have areduced quality of life
(QoL) in comparison to their healthy peers[5-7].

Asthmaisasoimposing agreat financial burden onthe pediatric
health care system [8]. High-income countries spend between
1% and 2% of their health care budget on asthma [1,9]. For
example, inthe Netherlands, direct pediatric asthmahealth care
costs have doubled over the last 2 decades and amounted to
€90.8 million (US $92 million) in 2017 [10], compared to US
$5.92 hillion in the United States in 2013 [11]. Hospital and
pharmacy costs occupy an increasing share and are the primary
contributorsto the total health care costs[10,11]. Additionally,
pediatric asthma also exerts a large indirect economic burden
due to missed school and workdays[12]. The economic burden
of asthma is disproportional along with the severity of the
disease [13]. Moreover, asthma costs are directly related to the
level of asthma control, as poor control is associated with more
hospitalizations, emergency visits, and other health care contacts
[14].

A substantial part of these costs may be preventable and asthma
outcomes can be improved if we are able to overcome existing
challenges in pediatric asthma care. These challenges include
(2) alimited opportunity for health care professionals (HCPs)
to retrieve objective insight into the severity and dynamics of
asthmasymptomsindaily life [15], (2) thedifficulty of attuning
an optimal treatment that not only treats the intermittent
symptoms but also the underlying inflammation sufficiently
[16], (3) low adherence and poor inhaler technique of asthma
therapy in children with asthma [17,18], and (4)
inadequate assessment of severity or failure of the family to call
for help when required [19].

The use of eHealth technology, like remote patient monitoring
and tel econsultation, may help overcomethese challenges[20].
In recent years, the development and validation of these types
of eHealth technologies for pediatric asthma have skyrocketed
[21-23]. Studies cautiously show evidence that eHealth can
improve health outcomes and QoL and that it can be
cost-effective [22,24,25]. However, the generalizability of these
results is hindered by high heterogeneity in study end points
and designs and poor quality of evidence [26-28]. Moreover,
these results are often limited to a single disease management
or monitoring domain (eg, medication adherence [29]), but
asthma is a multifaceted disease with variable manifestations

https://www.researchprotocol s.org/2023/1/e45585

influenced by asthma severity, the level of adequate disease
management, and the influence of (environmental) triggers
[2,30]. Thereislimited scientific evidencethat providesinsights
into the combination of monitoring parameters and
interventional toolsto predict early signsof asthmadeterioration
in atimely manner [31,32]. A recent study showed that remote
patient monitoring may identify cues and causes of asthma
control deterioration at home and help provide insights into
patterns of asthma [33]. Furthermore, another study showed
that teleconsultation and remote patient monitoring allows
patientsand caregiversto rapidly regain asthma control through
timely and targeted medical anticipation, thereby progressing
from reactive to proactive therapy and preventing asthma
exacerbation [34].

The research gap, therefore, lies in the evaluation of pediatric
asthma eHealth strategies consisting of a multidomain remote
patient monitoring and teleconsultation approach while using
ahigh-quality research design with relevant clinical end points
on health care utilization, asthma outcomes, and QoL [26].

Objectives

In this study, called Ambulatory Pediatric Asthma Care
(ALPACA), we will investigate an eHealth intervention for
pediatric asthma care, in which multidomain, objective remote
patient monitoring (ie, lung function, therapy adherence, and
oxygen saturation) and teleconsultation (ie, web-based app to
chat with HCPs, symptom questionnaires, and share videos) are
integrated into clinical care and the patients' daily lives for 3
months.

The main study objectiveisto investigate whether children with
asthmawho use this eHealth intervention have reduced asthma
health care utilization and costs compared to a control group
that receives standard care for 3 months.

We will investigate the effects of this eHealth intervention on
asthma outcomes (ie, asthma control, lung function, and the
number of exacerbations), therapy adherence, self-management,
and QoL after the intervention period of 3 months and at the
3-month follow-up. Overall use, acceptance, and satisfaction
will be evaluated as well.

To enable further improvement of pediatric eHealth asthma
care, we will exploratively investigate possible rel ations between
objective home-monitoring parameters and asthma outcomes,
therelation between sel f-reported dyspneaand home-measured
lung function, and possible early signalsin the preluding period
before an asthma exacerbation. Moreover, we will explore the
contribution of different eHealth intervention elementsto asthma
outcomes, patient-reported outcomes, and decision-making and
identify patient characteristics of participants with successful
eHealth care outcomes, such as health care utilization and
adherence.
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Hypothesis

Based on the recent literature [22] and results from previous
studies [33-35], we hypothesize that over 3 months, compared
to standard care, the ALPACA eHedlth intervention will lead
to a significant reduction in health care utilization and costs
with at least equal asthma outcomes and QoL.

Methods

Study Design
The ALPACA study is a prospective 2-arm randomized
controlled effectiveness trial of an eHeadlth intervention in

https://www.researchprotocol s.org/2023/1/e45585
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pediatric patients with asthma, which builds on a previous
eHealth feasibility trial [34]. Participants will be randomized
to either eHealth care (ie, intervention group) or standard care
(ie, control group). During the 3-month follow-up, all patients
will receive standard care and blinded observational home
monitoring to eval uate the sustained effects of eHealth compared
to the control group. The study protocol was designed in
accordance with the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) guidelines (Table
1) [36].
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Tablel. Schematic SPIRIT (Standard Protocol Items: Recommendationsfor Interventional Trials) schedule of enrollment, interventions, and assessments.

Time point Study period
Enrollment  Allocation/first  Postallocation Closeout/end
visit visit
—ty fo ty tp t3 te
Intervention period: middlevisit  follow-up period:
3 months 3 months

Enrollment
Eligibility screen O
Informed consent O
Instruction and installment eHealth
Allocation

I nterventions

eHealth care (the Engage web portal, 0(AY)
spirometry, pulse oximetry, smart in-
haler)

Standard care + observational moni- 0(B3 a
toring (spirometry, pulse oximetry,
smart inhaler)

Observational monitoring (cough O O
sensor, air sensor, sleep monitor)

Assessments
Baseline variables ad O

(age, gender, BMI, z score, Gl NAP
medication step, alergic rhinitis,
asthma-related medical history, and

baseline spirometry, such as FEV1°
and FvCd

Medical utilization data O O

Number of visits (planned/ emergen-
cy/hospital admissions), diagnostic
tests, telephonic/internet consulta-
tions, total health care costs

Questionnaire evauations: O O ad

hesalth literacy (HL S), asthma control

(C-ACT"), quality of life (PAQLQY
and EQ-5D-Y)), self-management

(PAM-13")
Quality of care (CSQ) t 0

Monitoring data: medication use, O O
sleep, nocturna heart/respiratory rate,

nocturnal coughing/ wheezing, air

quality, lung function, and oxygen

saturation

Intervention data: intervention use 0(AY)
logs, and nebulizer use

eHealth-specific evaluations: O(A?

system usability (SUS), technology
acceptance (TAM k), and interview

3Depending on the randomization. Group A receives eHealth care, and group B receives standard care within the intervention period (ty).
BGINA: Global Initiative for Asthma.
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CFEV1: forced expiratory volume.

drvC: forced vita capacity.

®HLS: Hedlth Literacy Survey.

fCc-ACT: Childhood Asthma Control Test.

9PAQL Q: Pediatric Asthma Quality of Life Questionnaire.
NPAM-13: 13- Item Patient Activation Measure.

iCSQ: Client Satisfaction Questionnaire.

Isus: system Usability Scale.

KTAM: Technol ogy Acceptance Model.

Ethics Approval

This study protocol was approved by the Medical Research
Ethics Committees United (NL74559.100.21) and registered in
ClinicalTrials.gov (NCT05517096). The data handling and
storage will comply with the European Union (EU) General
Data Protection Regulation (GDPR).

Study Setting and Eligibility Criteria

A tota of 40 children with moderate-to-severe
pediatrician-diagnosed asthma between 4 and 11 years of age
will be recruited from the Medisch Spectrum Twente (MST)
hospital in Enschede, the Netherlands. Pediatrician-diagnosed
asthma includes confirmation of asthma diagnosis with a
positivereversibility or challengetest [2]. Children areclassified
as having moderate or severe asthma if they meet one of the

Table 2. Criteriafor classification as moderate or severe asthma.

van der Kamp et al

criteria shown in Table 2. Children with comorbid chronic
diseases, previous asthma eHealth care intervention trial
experiences [34], or children/parents with an inability to
understand or speak Dutch are not eligible to participate.
Additionally, children that do not live for more than 80% at the
same address or those who do not have a stable Wi-Fi
connection at home are excluded from participation.

Participants will be recruited from the pediatric department of
MST using consecutive sampling, which is expected to take 40
weeks. A study flyer will be displayed in the pediatric ward and
distributed among pediatric patients with asthma after an
outpatient visit. Patientswho indicate that they may be contacted
will be contacted after 1 week, but patients may also contact
the researchers themselves for further verbal and written study
information. Offlinewritten informed consent from parentswill
be obtained prior to participation in this study.

Condition Moderate asthma

Severe asthma

Medication
in GINA step 2[2]
Recent exacerbation

(<3 months) despite controller medication steroid therapy

Bronchia hyperreactivity assessed with an exer-
cise challengetest in cold air [37,38]

GINA2 step 3/4 or uncontrolled (C-ACTP<20)

Needing a salbutamol regimen of ora cortical

Between 25% and 50% decrease in FEV1€[39]

Step 5 or uncontrolled (C-ACT<20) despite
medium to high-dose ICSS-LABA in step 4

Leading to a hospital admission

>50% decreasein FEV1 [39]

3GINA: Global Initiative for Asthma.
bC-ACT: Childhood Asthma Control Test.
CICS: inhaled corticosteroid.

dLABA: long-acting beta2-agonist.
°FEV1: forced expiratory volume.

Randomization and Blinding

Patientswill be randomized to either eHealth care (intervention
group) or standard care (control group) during the intervention
period (t,) by independent block randomization at the first home
visit. Theelectronic data capture (EDC) software Castor (Castor)
will alocate the participants using stratified block randomization
with multiple block sizes (2, 4, and 6) into either group A or
group B with an alocation ratio of 1:1 [40]. Castor randomly
mixes these block sizes and hides the block size from the
executor, which guarantees concealed
allocation [40]. Randomization will be stratified on the number
of hospital visits concerning asthmain the past 6 months (using
4 gtrata: 0-1 visit, 2-3 vidgits, 4-5 visits, or 6 or more visits), as
it is known that previous exacerbations and health care
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utilization arerisk factorsfor future exacerbations[2,41]. From
this point, the blinding will be broken asthe researchers, HCPs,
and patientswill need to know whether they should preparefor,
provide, or receive eHealth care, respectively.

Intervention

The eHedlth care intervention, consisting of remote patient
monitoring and tel econsultation, was designed to detect loss of
asthma control timely and accurately in daily life, increase
awareness about the severity of asthmasymptoms, and improve
the safety of care for both physicians and patients by using
objective measurements asthe basisfor shared decision-making.
The technologies that are used for this eHealth care are a
web-based patient portal, remote monitoring devices, and
home-nebulizer therapy. This intervention was designed based

JIMIR Res Protoc 2023 | vol. 12 | e45585 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

on previouswork on multidomain monitoring [33] and clinically
implemented eHealth care [34].

eHealth Technologies

Web-Based Patient Platform

For the eHealth care, component a digital platform called
Engagewill be used that allows HCPs and patientsto collaborate
by facilitating web-based communication, displaying home
measurements and questionnaire data, and allowing HCPs to
share educational content. The configuration of the patient
platform was specifically developed for this study in
collaboration with the HCPs using the elements of the
customizable PhilipsVitalHealth Engage platform (Royal
Philips). Thisis a certified platform according to the European
Medical Device Regulation; it is Conformité Européenne (CE)
certified, classified as a class |lamedical device, and has been
used in several clinical trials.

van der Kamp et al

For patients, the Engage platform involves apersonal page
designed to provide children/parents the opportunity to
unobtrusively share arequest for help and integrate time- and
event-based repeated measures or diary entries [42]. The
page includes a chat function to allow the children/parents and
HCPs to communicate in real time or according to their
availability and wishes. The participants also have the option
to share photos, sound recordings, or video files with the HCP
(eg, to ad in the clarification of symptoms). Participants can
enter their spirometry and oxygen saturation (SpO,)
measurements into the platform. Additionally, participantswill
be requested to fill in the Childhood Asthma Control (C-ACT)
guestionnaire on their page weekly.

For HCPs, the platform provides accessto adashboard for each
patient, which displays trends of the measurements and allows
access to details of measurements and questionnaires (Figure
1).

Figure 1. Example of health care professional (HCP) dashboard for lung function and oxygen saturation measurement of a specific patient.

PATIENT

Engage Provider  MUM WERK

POPLULATIE BEHEER BEHEER

Status Actied

CONFIGURATIE

Metingen Sp032

04-11-2022 1043 -] %

Remote Monitoring Devices

Our study combines several remote monitoring devices to
actively monitor the participantsin the intervention group during
the eHealth care component. A total of 3 interventiona
monitoring devices, FindAir ONE smart inhaler (FindAir Sp),

https://www.researchprotocol s.org/2023/1/e45585
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NuvoAir Air Next spirometer (NuvoAir AB), and Pulox
PO-210B pulse oximeter (Novidion Gmbh; Figure 2), as well
as a smartphone, will be provided to the children and their
parents. Data reports will be shared by the participant through
the Engage platform and automatically stored and accessible
for HCPs through web-based cloud storage.
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Figure2. Interventional monitoring devices: from left to right: A) FindAir ONE smart inhaler to track rescue use and controller adherence. B) NuvoAir
Air Next spirometer to track lung function. C) Pulox PO-210B pulse oximeter to monitor oxygen saturation during exacerbation.

A B

The FindAir ONE isasmart inhaler cap that will be placed on
top of metered dose inhalers of the participants. It will always
be used in combination with valved holding chambers. The
sensor continuously collects data on the date and timestamps
of inhalation, which isautomatically synced and can be assessed
in rea time by both the patient and HCP on the FindAir
platform.

NuvoAir Air Next is a handheld spirometer designed for home
monitoring of lung function, with a built-in temperature sensor
to compensate for the flow and volumefor the body temperature
pressure saturated correction [43]. This measurement will be
performed twice per week or upon indication of the HCPs or
the participants themselves during symptoms.

The Pulox PO-210B is a children's edition of SpO, pulse
oximeter. It will be used offline as needed within the intended

D ¢

use for clinical reasons, in case of asthma exacerbations to
monitor SpO,, and if the lung function measurement quality is

poor.

In addition, and not part of the intervention, 3 investigational
devices, namely, an Emfit QS+ACTIVE sleep monitor (Emfit
Ltd), a Philips cough monitor, and a Philips Snifferbeeair sensor
(Figure 3), will exclusively be used for observational research
purposes in both the intervention and standard care group and
follow-up of this study. The observational data of the
investigational devices will therefore be stored in the cloud
(Emfit QS platform and Philips platform). The datawill not be
shown to the HCPs and patients and only be used to investigate
possible relations between objective home monitoring
parameters and asthma outcomes.

Figure 3. Investigational observational monitoring devices: from left to right: A) Emfit QS+ACTIVE ballistography sleep sensor to track sleep. B)
Philips cough and wheeze monitor to track respiratory sounds during sleep. C) Philips Snifferbee air sensor to track air quality in participants’ bedrooms.

A , B

The Emfit QS+ACTIVE isacommercially available contactless
sleep monitor that can provide a detailed description of sleep
quality using ballistography [9]. The sensor is installed under
the mattress to monitor activity, heart rate, and respiration rate
at night and has been validated and previously used for sleep
studies in both adults and children [44-46]. The device is CE
marked and will be used for itsintended use.

The Philips cough monitor is a device intended to store and
transmit respiratory sound features and snippets (1 second),
which are measured by the microphoneinthedevice. Thedevice
will be placed next to the bedside to monitor nocturnal coughing
and wheezing.

https://www.researchprotocol s.org/2023/1/e45585
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Snifferbee is Philips air quality monitor prototype. It consists
of multiple sensorsto detect air quality and identify triggersfor
asthmatic reactions. Snifferbee can measure particles in the
room air of 2.5 um (optica scattering sensor), along with
temperature, humidity, and carbon dioxide levels (with a
nondispersive infrared sensor). The SnifferBee will be used
withinitsintended useto measure air quality in the participants
bedrooms.

Home Nebulizer Therapy

All participants will receive a Philips Sami the Seal nebulizer
for the intervention phase and will be trained and supervised
for correct use and nebulizer hygiene (Figure 4) [47]. Nebulizing
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therapy is often started when bronchodilator inhalers do not
have the expected effect anymore or in the hospital during an
acute exacerbation. During the intervention phase of this study,
nebulizing therapy may be started at home under the supervision
of an experienced HCP (via video call). Criteria for starting
nebulizing therapy under supervision at home during the
intervention period are (1) SpO, <94% without significant effect

Figure 4. Philips Sami the Seal home nebulizer.
e

van der Kamp et al

of thereliever inhal er medication (asrecommended by the Dutch
Pediatricians Association) [48]; (2) reproducible lung functions
<50% predicted, without significant effect of thereliever inhaler
medication (defined as an increase of at least 10% and increase
to lung function above 50% predicted); or (3) on the advice of
the pulmonary pediatrician.

-~

eHealth Carelntervention

I ntervention Group

Participantswill bein contact with the HCPs via the web-based
Philips Engage platform (Figure 1). HCPs will provide care
according to current care standards [2,48] while applying a
state-of -the-art web-based care pathway [34]. Within this care
pathway, HCPsaim to build up the confidence of the participants
and their parents by enhancing their understanding and

https://www.researchprotocol s.org/2023/1/e45585

XSL-FO

RenderX

self-management of the disease viafeedback on the web-based
communication platform substantiated with monitoring data
during real-life events. The key focus will be on important
asthma management issues, such as symptom perception,
therapy adherence, inhalation techniques, trigger control, and
acute asthma management [2]. Participants will be repeatedly
and pragmatically supported and coached using elements from
behavioral theories (eg, self-monitoring, goal setting, immediate
feedback, contingency management) and be involved in shared
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management to progress on an individual pace toward
self-assessment and self-management [49].

During the eHealth intervention, HCPs (ie, nurse practitioners,
a technical physician, and a pediatric pulmonologist) will be
notified in real time of new communications on the Engage
platform by push notifications and will respond at least within
1 workday to allow for timely anticipation. Participants will be
instructed to not wait for communications in the case of an
emergency and to proceed to emergency care. Moreover, once
a week, the HCPs will have a multidisciplinary meeting to
discuss data trends and patient communications to adjust the
individual treatment strategies as necessary. HCPs will always
have the option to invite patients for a hospital visit if thisis
needed to fulfill the current care standards [2,48].

Standard Care Control Group

Participantsin the control group will receive standard care and
therefore will not receive the home nebulizer. The spirometer,
pulse oximeter, and smart inhalers will be provided but only
used for observational monitoring in the control group, similar
totheinvestigational devices (cough monitor, air quality sensor,
and sleep monitor). The control group will be able to use the
Engage portal to share measurements and questionnaire data,
but they will not receive any feedback or data interpretation.
This same protocol holds for the 3-month follow-up period to
be able to assess differences in the primary and secondary
outcome parameters after cessation of the intervention.

Outcome M easures

Demographic characteristics (age, gender, medication use, other
medication use, alergy due to aeroalergens, eczema, doing
sports, and smoking behavior at home) will be retrieved from
electronic patient records.

The primary outcome variables are health care utilization and
costs. All health care activities (ie, hospital admissions,
outpatient visits, emergency visits, diagnostic activities, etc)
will be labeled using the Dutch health care registration system
of the Dutch Healthcare Authority. The accompanying health
care costs will be calculated using activity-based costing [50].
Furthermore, the specific eHealth care costs will be calculated
using bottom-up gross costing, consisting, for example, of the
working hours of the HCPs and the depreciation costs of the
monitoring devices [50].

Multimedia Appendix 1 contains the description and analysis
of other outcome variables to investigate the effects of the
eHealth intervention, which will enable research that can further
improve pediatric eHealth asthma care.

All data will be handled according to the EU GDPR and the
Dutch Act on the Implementation of the GDPR and securely
stored in the Castor EDC system.

Sample Size

Previous datafrom an eHealth clinical feasibility study (N=30)
using a comparable intervention within the same patient
population revealed areduction in health care utilization of 80%
[34]. This data showed an average reduction in the number of

https://www.researchprotocol s.org/2023/1/e45585
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outpatient consultationsfrom 3.9to0 0.7 (SD 1.8) per patient per
half year.

A power simulation was performed for a
Mann-Whitney-Wilcoxon 2-sided test. The hedth care
utilization was assumed to be Poisson distributed with means
according to the clinical feasibility study. For the control group,
the Poisson rate was equated to the historical data of the pilot
divided by 2 to account for the study durations. Theintervention
group’srate wastaken to be the postdata of the feasibility study
divided by 2.As the ALPACA study makes use of the
intention-to-treat principle, noncompliance to the intervention
was included in the simulation. The number of nonadherent
participants was random in the simulation according to a
binomial distribution (similar to the clinical feasibility study
data, with 3 out of 33 participants). This was used to calculate
the control group rate, which is a conservative estimate of no
benefit from the intervention. Together with the assumption of
an AlphaType 1 error of 0.05, the sample size cal culation results
in 36 (18 intervention and 18 controls), with a power of 97.1%
for the primary outcome and 80% for secondary follow-up
effects (assuming a lasting effect of 80%). Accounting for
dropouts (n=4), we would need to include 40 children.

Study Procedures

After enrollment (-t,), an HCP will perform a home visit (ty)
to allocate the participant to the intervention or control group,
install the monitoring devices, and carefully instruct participants
about the use of the eHealth platform and monitoring devices.
All oral instructionswill be complemented with written and
digita instructionflyers to ensure that al the
instructed information can be retrieved afterward. A second
home visit (t,) is planned after the intervention period to check
all devices. Moreover, an in-person semistructured interview will
be held to evaluate the user experience of theinterventional and
investigational technology together with filling in the feasibility
and acceptance questionnaires (Multimedia Appendix 1). A
third, final home visit (to) will be held at the end of the study
after follow-up (t3) to retrieve al monitoring devices and
evaluate this period via the evaluation questionnaires
(Multimedia Appendix 1).

Data and Statistical Analyses

Descriptive statistics will be used to examine all continuous
outcome measures expressed in mean and SD for normally
distributed variables and with median and IQR for nonnormal
distributed variables. Univariate analyses will be performed
with SPSS software (version 22.0; IBM Corp). The homogeneity
of variances will be verified with the Levene test. Histogram
plots and the Shapiro-Wilk test will be used to determine
whether the variablesare normally distributed among the groups.
A t test (or nonparametric Mann-Whitney U test) will be used
to compare the primary outcomes between eHealth care and
standard care, and P<.05 will be considered significant. The
analysis will be performed according to the intention-to-treat
principle [51], and missing data will be handled with pairwise
deletion. An interim analysis will be conducted after half the
participants are done with the intervention. In case the interim
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analysis reveals a significant increase in health care utilization
in the intervention group, this study will be prematurely ended.

Results

This study was approved by the Medical Research Ethics
Committees United on August 11, 2022, and by theinstitutional
review boards of Philips on August 8, 2022, and MST on
January 11, 2023.

The expected timeline of the ALPACA study is 15 months,
including an enrollment period of 9 months and astudy duration
of 6 months. As of August 2023, we expect to start enrollment,
which will make data collection compete in May 2024. The
results are expected shortly afterward in July 2024.

Discussion

Expected Knowledge Contribution

Childhood asthma is imposing a great financial burden on the
pediatric health care system, but a substantial part of the costs
may be preventable by timely and adequate medical anticipation
using eHealth. Therefore, In the ALPACA study, we will
investigate whether children with asthma who use an eHealth
intervention have reduced asthma health care utilization and
costs compared to the control group. Thisstudy protocol applies
a combination of relevant monitoring domains of pediatric
asthma based on the recent literature [22,33,34] and guidelines
[2]. Primary validated monitoring devices will be combined
with web-based communication between HCPs and patients to
enable pediatricians to make well-informed and substantiated
treatment decisions and alow targeted support for optimal
disease management. Thisrandomized controlled effectiveness
trial design captures an extensive prospective longitudina home
monitoring data set, which allows the evaluation of the effect
of eHedlth pediatric asthma care on health care utilization,
asthma outcomes, and QoL, including additional information
about longer-lasting effects after cessation of eHealth care.
Moreover, the holistic eHealth monitoring of physiological,
environmental, and disease management data alows a
comprehensive set of secondary analyses for insight into
pediatric asthma. This study may therefore contribute to the
existing knowledge of eHealth applicationsin secondary health
care and to a better understanding of the vaue of
home-monitoring diagnostics for pediatric asthma.

Strengths and Limitations

This study is a follow-up of a quasi-experimental eHealth
evaluation study [34]. Therefore, the involved HCPs of the
hospital are experienced with using eHealth technology, and
the care pathway is already aligned to deliver remote carein a
safe and efficient way, which are commonly the most important
barriers to successful eHealth evaluation trials [52]. Moreover,
improvements based on prior eHealth trials within our hospital
are integrated into this protocol to maximize its feasibility.

Another strength of the ALPACA study is the fact that it uses
a set of home-monitoring devices chosen to be as unobtrusive
as possible to minimize the daily living burden of the
participating children and their parents. The current literature

https://www.researchprotocol s.org/2023/1/e45585
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shows an increase in the development and evaluation of these
unobtrusive sensing systems, enabling adherent long-term use
for monitoring chronic disease course and management [53].
Additionally, this study uses a communication platform to
provide children and their parents the opportunity to
unobtrusively share a request for help or advice and integrate
time- and event-based repeated home monitoring measurements
or diary entriesto obtain valid, real-life self-reports [42].

Objectified feedback to participants in eHealth care about
inhalation technique (via videos) and therapy adherence (via
smart inhaler data) could be a great addition to the current
asthma care for children [54], as inhalation technique and
therapy adherence appear to be poor but often remain “the
elephant intheroom” and stay unaddressed [55-58]. Automated
synchronization of the mobile device and the inhaler add-ons
provides a burden-free way to increase awareness of therapy
adherence among children with asthma and their parents and
provides HCPswith the necessary information to makeinformed
medication adjustments [34,59].

Since a critical evaluation of financial cost-effectiveness is
lacking in the literature for electronic health tools in pediatric
asthma [60], the design of the ALPACA study isfavored, asall
direct hospital health care utilization isregistered in combination
with asthmaoutcomes. This gives usthe opportunity to perform
athorough cost analysis of the care transformation to eHealth
care. Moreover, the follow-up period of this study allows usto
investigate whether the effect may endure when eHealth is
ceased, providing interesting information on the possible
long-term benefits of eHealth care.

A limiting factor in eHealth studies may be the timing of
inclusion, as the asthma outcomes are subject to the episodic
variation of asthma (viral infection, weather conditions, and
pollen seasons) and COVID-19 regulations (lockdowns versus
free contact) [2,61]. This effect is canceled to a great extent by
the randomized design of this study. However, this study may
be limited in the secondary pre-post evaluation of the different
eHedlth intervention elements. In addition, the worldwide
generalizability of this study may be limited based on the
eligibility criteria (children who live >80% of the time at the
same home and have a stable WiFi connection).

Previous research has shown that the circadian rhythm
influencesthe severity of asthmasymptoms|[62,63]. Symptoms
tend to be worse during the night and gradually improve during
the day. To avoid any bias of this circadian rhythm on the
spirometry measurements, we will instruct all participants to
perform the standard monitoring measurements at approximately
equal times prior to dinner.

Implications for Pediatric Asthma Health Care

The results of the ALPACA study may benefit future pediatric
asthma hedlth care in several ways. Researchers and the
technology industry will be able to tease out relevant
intervention elements that can act as digital markers for
composing effective interventions, which can guide them in
appropriate eHealth development [ 35]. Moreover, hypothesized
health care utilization reductions provide positive incentives
and increase the sense of urgency among stakeholders to take
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joint action toward scalable eHesalth solutions[64]. Additionally,  evolvestoward proactive and targeted care, wherein the patient
HCPs, health care institutions, and policy makers may usethe is actively involved via shared decision-making and
ALPACA results to make informed decisions to steer toward a  self-management while being safeguarded by home-monitoring
new, high-quality efficient pediatric asthma care pathway that technology.

goes beyond current traditional planned follow-up care and

Acknowledgments

This study was financially supported by Philips Research and Stichting Pediatrisch Onderzoek Twente. Both contributed equally
to this study.

Conflicts of Interest
NW is an employee of Phillips Research.

Multimedia Appendix 1

Outcome measures and statistical analysis of the secondary parameters.
[DOCX File, 277 KB-Multimedia Appendix 1]

References

1.  WijgaAH, Kerkhof M, Gehring U, de Jongste JC, Postma DS, Aaberse RC, et al. Cohort profile: the prevention and
incidence of asthmaand mitealergy (PIAMA) birth cohort. Int JEpidemiol 2014 Apr;43(2):527-535 [doi: 10.1093/ije/dys231]
[Medline: 23315435]

2. Interim guidance on asthmamanagement during the COVID-19 pandemic. Global Initiative for Asthma. URL : https.//www.
ginasthma.org [accessed 2022-02-02]

3. Diette GB, Markson L, Skinner EA, Nguyen TTH, Algatt-Bergstrom P, Wu AW. Nocturnal asthmain children affects
school attendance, school performance, and parents work attendance. Arch Pediatr Adolesc Med 2000 Sep 01;154(9):923-928
[doi: 10.1001/archpedi.154.9.923] [Medline: 10980797]

4.  vander Kamp M, Thio B, Tabak M, Hermens H, Driessen J, van der Palen J. Does exercise-induced bronchoconstriction
affect physical activity patternsin asthmatic children? J Child Health Care 2020 Dec 13;24(4):577-588 [doi:
10.1177/1367493519881257] [Medline: 31607144]

5.  MaerikalioV, Mustalahti K, Remes S, Valovirta E, KailaM. Comparison of quality of life between asthmatic and healthy
school children. Pediatr Allergy Immunol 2005 Jun;16(4):332-340 [doi: 10.1111/j.1399-3038.2005.00286.x] [Medline:
15943597]

6. vanGent R, van Essen LEM, Rovers MM, Kimpen JLL, van der Ent CK, de Meer G. Quality of lifein children with
undiagnosed and diagnosed asthma. Eur J Pediatr 2007 Aug;166(8):843-848 [doi: 10.1007/s00431-006-0358-y] [Medline:
17589815]

7.  SilvaN, CaronaC, Crespo C, Canavarro MC. Quality of life in pediatric asthma patients and their parents. a meta-analysis
on 20 years of research. Expert Rev Pharmacoecon Outcomes Res 2015 Jun;15(3):499-519 [doi:
10.1586/14737167.2015.1008459] [Medline: 25651982]

8. Ferante G, LaGrutta S. The burden of pediatric asthma. Front Pediatr 2018;6:186 [FREE Full text] [doi:
10.3389/fped.2018.00186] [Medline: 29988370]

9. Joshi R, Bierling BL, Long X, Weijers J, FeijsL, Van Pul C, et al. A ballistographic approach for continuous and
non-obtrusive monitoring of movement in neonates. |EEE J Trand Eng Health Med 2018;6:1-10 [doi:
10.1109/jtehm.2018.2875703]

10. Slobbel, Ramjiawan V, Verweij A. Kosten van zorg voor astma. Volksgezondheidenzorg. 2018. URL: https.//www.
volksgezondhei denzorg.info/onderwerp/astmalkosten/kosten [accessed 2019-02-07]

11. Perry R, Braileanu G, Palmer T, Stevens P. the economic burden of pediatric asthmain the United States: literature review
of current evidence. Pharmacoeconomics 2019 Feb;37(2):155-167 [FREE Full text] [doi: 10.1007/s40273-018-0726-2]
[Medline: 30315512]

12. LaforestL, Yin D, Kocevar VS, Pacheco Y, Dickson N, Gormand F, et a. Association between asthma control in children
and loss of workdays by caregivers. Ann Allergy Asthma lmmunol 2004 Sep;93(3):265-271 [doi:
10.1016/s1081-1206(10)61499-8] [Medline: 15478387]

13. NunesC, Pereira AM, Morais-Almeida M. Asthma costs and social impact. Asthma Res Pract 2017 Jan 6;3(1):1 [FREE
Full text] [doi: 10.1186/s40733-016-0029-3] [Medline: 28078100]

14. Braido F. Failurein asthma control: reasons and consequences. Scientifica (Cairo) 2013;2013:549252-549215 [ FREE Full
text] [doi: 10.1155/2013/549252] [Medline: 24455432]

15. Zorgstandaard astma volwassenen. Long Alliantie Nederland. 2012. URL: https.//www.longalliantie.nl/content/
Zorgstandaard Astma_Volwassenen.pdf [accessed 2022-02-02]

https://www.researchprotocols.org/2023/1/e45585 JMIR Res Protoc 2023 | vol. 12 | e45585 | p. 11
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=resprot_v12i1e45585_app1.docx&filename=abe303e6a9d21fde5811c6f613fbcde6.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e45585_app1.docx&filename=abe303e6a9d21fde5811c6f613fbcde6.docx
http://dx.doi.org/10.1093/ije/dys231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23315435&dopt=Abstract
https://www.ginasthma.org
https://www.ginasthma.org
http://dx.doi.org/10.1001/archpedi.154.9.923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10980797&dopt=Abstract
http://dx.doi.org/10.1177/1367493519881257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31607144&dopt=Abstract
http://dx.doi.org/10.1111/j.1399-3038.2005.00286.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15943597&dopt=Abstract
http://dx.doi.org/10.1007/s00431-006-0358-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17589815&dopt=Abstract
http://dx.doi.org/10.1586/14737167.2015.1008459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25651982&dopt=Abstract
https://doi.org/10.3389/fped.2018.00186
http://dx.doi.org/10.3389/fped.2018.00186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29988370&dopt=Abstract
http://dx.doi.org/10.1109/jtehm.2018.2875703
https://www.volksgezondheidenzorg.info/onderwerp/astma/kosten/kosten
https://www.volksgezondheidenzorg.info/onderwerp/astma/kosten/kosten
https://europepmc.org/abstract/MED/30315512
http://dx.doi.org/10.1007/s40273-018-0726-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30315512&dopt=Abstract
http://dx.doi.org/10.1016/s1081-1206(10)61499-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15478387&dopt=Abstract
https://asthmarp.biomedcentral.com/articles/10.1186/s40733-016-0029-3
https://asthmarp.biomedcentral.com/articles/10.1186/s40733-016-0029-3
http://dx.doi.org/10.1186/s40733-016-0029-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28078100&dopt=Abstract
https://doi.org/10.1155/2013/549252
https://doi.org/10.1155/2013/549252
http://dx.doi.org/10.1155/2013/549252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24455432&dopt=Abstract
https://www.longalliantie.nl/content/Zorgstandaard_Astma_Volwassenen.pdf
https://www.longalliantie.nl/content/Zorgstandaard_Astma_Volwassenen.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS van der Kamp et &

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Szefler SJ, Chipps B. Challenges in the treatment of asthmain children and adolescents. Ann Allergy Asthma Immunol
2018 Apr;120(4):382-388 [FREE Full text] [doi: 10.1016/j.anai.2018.01.003] [Medline: 29625664]

Gillette C, Rockich-Winston N, Kuhn JA, Flesher S, Shepherd M. Inhaler technique in children with asthma: a systematic
review. Acad Pediatr 2016;16(7):605-615 [doi: 10.1016/j.acap.2016.04.006] [Medline: 27130811]

Klok T, Kaptein AA, Brand PLP. Non-adherence in children with asthma reviewed: The need for improvement of asthma
care and medical education. Pediatr Allergy Immunol 2015 May;26(3):197-205 [doi: 10.1111/pai.12362] [Medline:
25704083]

Sears MR, Rea HH, Fenwick J, Beaglehole R, Gillies AJ, Holst PE, et al. Deaths from asthmain New Zealand. Arch Dis
Child 1986 Jan 01;61(1):6-10 [FREE Full text] [doi: 10.1136/adc.61.1.6] [Medline: 3954419]

Alvarez-Perea A, Dimov V, Popescu F, Zubeldia JM. The applications of eHealth technol ogies in the management of
asthma and allergic diseases. Clin Trang Allergy 2021 Aug;11(7):€12061 [FREE Full text] [doi: 10.1002/clt2.12061]
[Medline: 34504682]

Katwa U, Rivera E. Asthma management in the era of smart-medicine: devices, gadgets, apps and telemedicine. Indian J
Pediatr 2018 Sep;85(9): 757-762 [doi: 10.1007/s12098-018-2611-6] [Medline: 29524089]

Ramsey RR, Plevinsky JM, Kollin SR, Gibler RC, Guilbert TW, Hommel KA. Systematic review of digital interventions
for pediatric asthmamanagement. JAllergy Clin Immunol Pract 2020 Apr;8(4):1284-1293 [doi: 10.1016/j.jaip.2019.12.013]
[Medline: 31870809]

Marcano BJS, Huckvale K, Greenfield G, Car J, Gunn LH. Smartphone and tablet self management apps for asthma.
Cochrane Database Syst Rev 2013;11:CD010013 [doi: 10.1002/14651858.CD010013.pub2] [Medline: 24282112]
Jeminiwa R, Hohmann L, Qian J, GarzaK, Hansen R, Fox Bl. Impact of eHealth on medication adherence among patients
with asthma: A systematic review and meta-analysis. Respir Med 2019 Mar;149:59-68 [doi: 10.1016/j.rmed.2019.02.011]
[Medline: 30803887]

Eze ND, Mateus C, Cravo Oliveira Hashiguchi T. Telemedicinein the OECD: An umbrellareview of clinical and
cost-effectiveness, patient experience and implementation. PLoS One 2020;15(8):e0237585 [FREE Full text] [doi:
10.1371/journal .pone.0237585] [Medline: 32790752]

Bonini M. Electronic health (e-Health): emerging role in asthma. Curr Opin Pulm Med 2017 Jan;23(1):21-26 [doi:
10.1097/M CP.0000000000000336] [Medline: 27763999]

Morrison D, Wyke S, Agur K, Cameron EJ, Docking RI, Mackenzie AM, et a. Digital asthma self-management interventions:
asystematic review. JMed Internet Res 2014;16(2):e51 [FREE Full text] [doi: 10.2196/jmir.2814] [Medline: 24550161]
Unni E, Gabriel S, Ariely R. A review of the use and effectiveness of digital health technologies in patients with asthma.
Ann Allergy Asthma lmmunol 2018 Dec;121(6):680-691.e1 [doi: 10.1016/j.anai.2018.10.016] [Medline: 30352288]
GuptaRS, Fierstein JL, Boon KL, Kanaley MK, Bozen A, Kan K, et al. Sensor-based el ectronic monitoring for asthma: a
randomized controlled trial. Pediatrics 2021 Jan;147(1) [doi: 10.1542/peds.2020-1330] [Medline: 33386336]

Martinez FD, Vercelli D. Asthma. Lancet 2013 Oct 19;382(9901):1360-1372 [doi: 10.1016/S0140-6736(13)61536-6]
[Medline: 24041942]

Brand PLP, Mékela MJ, Szefler SJ, Frischer T, Price D, ERS Task Force Monitoring Asthmain Children. Monitoring
asthma in childhood: symptoms, exacerbations and quality of life. Eur Respir Rev 2015 Jun;24(136):187-193 [FREE Full
text] [doi: 10.1183/16000617.00003614] [Medline: 26028631]

Huffaker MF, Carchia M, Harris BU, Kethman WC, Murphy TE, Sakarovitch CCD, et a. Passive nocturnal physiologic
monitoring enables early detection of exacerbationsin children with asthma. A proof-of-concept study. Am J Respir Crit
Care Med 2018 Aug 01;198(3):320-328 [doi: 10.1164/rccm.201712-26060C] [Medline: 29688023]

van der Kamp MR, Klaver EC, Thio BJ, Driessen IMM, de Jongh FHC, Tabak M, et al. WEARCON: wearable home
monitoring in children with asthma reveals a strong association with hospital based assessment of asthma control. BMC
Med Inform DecisMak 2020 Aug 14;20(1):192 [ FREE Full text] [doi: 10.1186/s12911-020-01210-1] [Medline: 32795352]
van der Kamp M, Reimering Hartgerink P, Driessen J, Thio B, Hermens H, Tabak M. Feasibility, efficacy, and efficiency
of eHealth-supported pediatric asthma care: six-month quasi-experimental single-arm pretest-posttest study. IMIR Form
Res 2021 Jul 26;5(7):€24634 [FREE Full text] [doi: 10.2196/24634] [Medline: 34309568]

van der Kamp MR, Tabak M, de Rooij SEJA, van Lierop PPE, Thio BJ. COVID-19: technol ogy-supported remote assessment
of pediatric asthma at home. Front Pediatr 2020 Sep 8;8:529 [FREE Full text] [doi: 10.3389/fped.2020.00529] [Medline:
33014930]

Chan A, Tetzlaff M, Ggtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and el aboration:
guidance for protocols of clinical trials. BMJ 2013 Jan 08;346:e7586 [ FREE Full text] [doi: 10.1136/bmj.e7586] [Medline:
23303884]

Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG, et al. Guidelines for methacholine and exercise
challenge testing-1999. Am J Respir Crit Care Med 2000 Jan 01;161(1):309-329 [doi: 10.1164/ajrccm.161.1.ats11-99]
[Medline: 10619836]

van Leeuwen JC, Driessen IMM, Kersten ETG, Thio BJ. Assessment of exercise-induced bronchoconstriction in adolescents
and young children. Immunol Allergy Clin North Am 2013 Aug;33(3):381-94, viii [doi: 10.1016/j.iac.2013.02.007] [Medline:
23830131]

https://www.researchprotocols.org/2023/1/e45585 JMIR Res Protoc 2023 | vol. 12 | e45585 | p. 12

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1081-1206(18)30007-3
http://dx.doi.org/10.1016/j.anai.2018.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29625664&dopt=Abstract
http://dx.doi.org/10.1016/j.acap.2016.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27130811&dopt=Abstract
http://dx.doi.org/10.1111/pai.12362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25704083&dopt=Abstract
https://europepmc.org/abstract/MED/3954419
http://dx.doi.org/10.1136/adc.61.1.6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3954419&dopt=Abstract
https://europepmc.org/abstract/MED/34504682
http://dx.doi.org/10.1002/clt2.12061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34504682&dopt=Abstract
http://dx.doi.org/10.1007/s12098-018-2611-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29524089&dopt=Abstract
http://dx.doi.org/10.1016/j.jaip.2019.12.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31870809&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD010013.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24282112&dopt=Abstract
http://dx.doi.org/10.1016/j.rmed.2019.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30803887&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0237585
http://dx.doi.org/10.1371/journal.pone.0237585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32790752&dopt=Abstract
http://dx.doi.org/10.1097/MCP.0000000000000336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27763999&dopt=Abstract
http://www.jmir.org/2014/2/e51/
http://dx.doi.org/10.2196/jmir.2814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24550161&dopt=Abstract
http://dx.doi.org/10.1016/j.anai.2018.10.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30352288&dopt=Abstract
http://dx.doi.org/10.1542/peds.2020-1330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33386336&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(13)61536-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24041942&dopt=Abstract
https://europepmc.org/abstract/MED/26028631
https://europepmc.org/abstract/MED/26028631
http://dx.doi.org/10.1183/16000617.00003614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26028631&dopt=Abstract
http://dx.doi.org/10.1164/rccm.201712-2606OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29688023&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-020-01210-1
http://dx.doi.org/10.1186/s12911-020-01210-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32795352&dopt=Abstract
https://formative.jmir.org/2021/7/e24634/
http://dx.doi.org/10.2196/24634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34309568&dopt=Abstract
https://europepmc.org/abstract/MED/33014930
http://dx.doi.org/10.3389/fped.2020.00529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33014930&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=23303884
http://dx.doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23303884&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm.161.1.ats11-99
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10619836&dopt=Abstract
http://dx.doi.org/10.1016/j.iac.2013.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23830131&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS van der Kamp et &

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

Anderson SD, Kippelen P. Assessment of EIB: What you need to know to optimize test results. Immunol Allergy Clin
North Am 2013 Aug;33(3):363-80, viii [doi: 10.1016/j.iac.2013.02.006] [Medline: 23830130]

Kim J, Shin W. How to do random allocation (randomization). Clin Orthop Surg 2014 Mar;6(1):103-109 [FREE Full text]
[doi: 10.4055/ci0s.2014.6.1.103] [Medline: 24605197]

Miller MK, Lee JH, Miller DP, Wenzel SE, TENOR Study Group. Recent asthma exacerbations: a key predictor of future
exacerbations. Respir Med 2007 Mar;101(3):481-489 [ FREE Full text] [doi: 10.1016/j.rmed.2006.07.005] [Medline:
16914299]

Heron K, Everhart R, McHale S, Smyth J. Using Mobile-Technol ogy-based Ecological Momentary Assessment (EMA)
methods with youth: a systematic review and recommendations. J Pediatr Psychol 2017 Nov 01;42(10):1087-1107 [doi:
10.1093/j pepsy/jsx078] [Medline: 28475765]

Hankinson JL, Viola JO. Dynamic BTPS correction factors for spirometric data. J Appl Physiol Respir Environ Exerc
Physiol 1983 Oct;55(4):1354-1360 [doi: 10.1152/jappl.1983.55.4.1354] [Medline: 6629969]

Willard N, Den BB, Dekker M, De MD, Klee M, Van LF. Home monitoring of asthmatic children with connected sensors.
Eur Respir J2018:4600 [doi: 10.1183/13993003.congress-2018.pa4600]

Mendez MO, Migliorini M, Kortelainen JM, Nistico D, Arce-Santana E, Cerutti S, et al. Evaluation of the sleep quality
based on bed sensor signals: Time-variant analysis. Annu Int Conf IEEE Eng Med Biol Soc 2010;2010:3994-3997 [doi:
10.1109/IEMBS.2010.5628005] [Medline: 21097277]

Migliorini M, Bianchi AM, Nistico D, Kortelainen J, Arce-Santana E, Cerutti S, et al. Automatic sleep staging based on
ballistocardiographic signals recorded through bed sensors. Annu Int Conf |EEE Eng Med Biol Soc 2010;2010:3273-3276
[doi: 10.1109/IEMBS.2010.5627217] [Medline: 21096612]

Yilmaz Yegit C, Ergenekon AP, Mursaloglu HH, Cenk M, Uzunoglu BS, Tastan G, et al. The effects of nebulizer hygiene
training on the practices of cystic fibrosis patients and caregivers. Pediatr Pulmonol 2021 Jun 12;56(6):1527-1533 [doi:
10.1002/ppul.25307] [Medline: 33538406]

Richtlijn astmabij kinderen. Nederlandse Vereniging voor Kindergeneeskunde. URL : https.//www.nvk.nl/themas/kwaliteit/
richtlijnen/

richtlijn?componentid=151814144& tagtitles=Algemene%2BK indergeneeskunde%2Cl ntensive%o2B Care%2CL ongziekten
[accessed 2022-02-02]

Cushing CC, Steele RG. A meta-analytic review of eHealth interventions for pediatric health promoting and maintaining
behaviors. J Pediatr Psychol 2010 Oct;35(9):937-949 [FREE Full text] [doi: 10.1093/jpepsy/jsq023] [Medline: 20392790]
Spacirova Z, Epstein D, Garcia-Mochon L, Rovira J, Olry de Labry LimaA, Espin J. A general framework for classifying
costing methods for economic evaluation of health care. Eur JHealth Econ 2020 Jun;21(4):529-542 [FREE Full text] [doi:
10.1007/s10198-019-01157-9] [Medline: 31960181]

Newell DJ. Intention-to-treat analysis: implications for quantitative and qualitative research. Int J Epidemiol 1992
Oct;21(5):837-841 [doi: 10.1093/ije/21.5.837] [Medline: 1468842]

Svedberg P, Arvidsson S, Larsson |, Carlsson I, Nygren JM. Barriers and enablers affecting successful implementation of
the el ectronic health service Sisom: multicenter study of child participation in pediatric care. JMed Internet Res 2019 Nov
15;21(11):e14271 [FREE Full text] [doi: 10.2196/14271] [Medline: 31730040]

GuoYY, LiuX, Peng S, Jiang X, XuK, Chen C, et a. A review of wearable and unobtrusive sensing technologies for chronic
disease management. Comput Biol Med 2021 Feb;129:104163 [ FREE Full text] [doi: 10.1016/j.compbiomed.2020.104163]
[Medline: 33348217]

Sportel ET, Oude Wolcherink MJ, van der Palen J, Lenferink A, ThioBJ, Movig KLL, et al. Doesimmediate smart feedback
on therapy adherence and inhal ation technique improve asthma control in children with uncontrolled asthma? A study
protocol of the IMAGINE | study. Trials 2020 Sep 17;21(1):801 [FREE Full text] [doi: 10.1186/s13063-020-04694-4]
[Medline: 32943094]

Jentzsch NS, Camargos PAM, Colosimo EA, Bousquet J. Monitoring adherence to beclomethasone in asthmatic children
and adol escents through four different methods. Allergy 2009 Oct 15;64(10):1458-1462 [doi:
10.1111/j.1398-9995.2009.02037.x] [Medline: 19416142]

Capanoglu M, Dibek Misirlioglu E, Toyran M, Civelek E, Kocabas CN. Evaluation of inhaler technique, adherence to
therapy and their effect on disease control among children with asthmausing metered dose or dry powder inhalers. JAsthma
2015 Oct;52(8):838-845 [doi: 10.3109/02770903.2015.1028075] [Medline: 26037396]

Klok T, Kaptein AA, Duiverman EJ, Brand PL. It's the adherence, stupid (that determines asthma control in preschool
children)!. Eur Respir J2014 Mar;43(3):783-791 [FREE Full text] [doi: 10.1183/09031936.00054613] [Medline: 23845718]
Morton RW, Everard ML, Elphick HE. Adherence in childhood asthma: the elephant in the room. Arch Dis Child 2014
Oct;99(10):949-953 [doi: 10.1136/archdischild-2014-306243] [Medline: 24876303]

George M. Adherencein asthmaand COPD: new strategiesfor an old problem. Respir Care 2018 Jun;63(6):818-831 [FREE
Full text] [doi: 10.4187/respcare.05905] [Medline: 29794213]

Licari A, Ferrante G, MarsegliaMd GL, Corsello Md G, La Grutta S. What is the impact of innovative electronic health
interventions in improving treatment adherence in asthma? The pediatric perspective. J Allergy Clin Immunol Pract
2019;7(8):2574-2579 [doi: 10.1016/j.jaip.2019.08.008] [Medline: 31425835]

https://www.researchprotocols.org/2023/1/e45585 JMIR Res Protoc 2023 | vol. 12 | e45585 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.iac.2013.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23830130&dopt=Abstract
https://doi.org/10.4055/cios.2014.6.1.103
http://dx.doi.org/10.4055/cios.2014.6.1.103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24605197&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(06)00356-8
http://dx.doi.org/10.1016/j.rmed.2006.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16914299&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/jsx078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28475765&dopt=Abstract
http://dx.doi.org/10.1152/jappl.1983.55.4.1354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6629969&dopt=Abstract
http://dx.doi.org/10.1183/13993003.congress-2018.pa4600
http://dx.doi.org/10.1109/IEMBS.2010.5628005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21097277&dopt=Abstract
http://dx.doi.org/10.1109/IEMBS.2010.5627217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21096612&dopt=Abstract
http://dx.doi.org/10.1002/ppul.25307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33538406&dopt=Abstract
https://www.nvk.nl/themas/kwaliteit/richtlijnen/richtlijn?componentid=151814144&tagtitles=Algemene%2BKindergeneeskunde%2CIntensive%2BCare%2CLongziekten
https://www.nvk.nl/themas/kwaliteit/richtlijnen/richtlijn?componentid=151814144&tagtitles=Algemene%2BKindergeneeskunde%2CIntensive%2BCare%2CLongziekten
https://www.nvk.nl/themas/kwaliteit/richtlijnen/richtlijn?componentid=151814144&tagtitles=Algemene%2BKindergeneeskunde%2CIntensive%2BCare%2CLongziekten
https://doi.org/10.1093/jpepsy/jsq023
http://dx.doi.org/10.1093/jpepsy/jsq023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20392790&dopt=Abstract
https://europepmc.org/abstract/MED/31960181
http://dx.doi.org/10.1007/s10198-019-01157-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31960181&dopt=Abstract
http://dx.doi.org/10.1093/ije/21.5.837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1468842&dopt=Abstract
https://www.jmir.org/2019/11/e14271/
http://dx.doi.org/10.2196/14271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31730040&dopt=Abstract
https://europepmc.org/abstract/MED/33348217
http://dx.doi.org/10.1016/j.compbiomed.2020.104163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33348217&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-020-04694-4
http://dx.doi.org/10.1186/s13063-020-04694-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32943094&dopt=Abstract
http://dx.doi.org/10.1111/j.1398-9995.2009.02037.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19416142&dopt=Abstract
http://dx.doi.org/10.3109/02770903.2015.1028075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26037396&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=23845718
http://dx.doi.org/10.1183/09031936.00054613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23845718&dopt=Abstract
http://dx.doi.org/10.1136/archdischild-2014-306243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24876303&dopt=Abstract
http://rc.rcjournal.com/cgi/pmidlookup?view=short&pmid=29794213
http://rc.rcjournal.com/cgi/pmidlookup?view=short&pmid=29794213
http://dx.doi.org/10.4187/respcare.05905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29794213&dopt=Abstract
http://dx.doi.org/10.1016/j.jaip.2019.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31425835&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS van der Kamp et &

61.

62.

63.

Golan-Triptol, ArwasN, Maimon MS, Bari R, Aviram M, Gatt D, et al. The effect of the COV1D-19 lockdown on children
with asthmarrelated symptoms: A tertiary care center experience. Pediatr Pulmonol 2021 Sep;56(9):2825-2832 [FREE Full
text] [doi: 10.1002/ppul .25505] [Medline: 34126003]

Barnes P, FitzGerald G, Brown M, Dollery C. Nocturnal asthma and changes in circulating epinephrine, histamine, and
cortisol. N Engl JMed 1980 Jul 31;303(5):263-267 [doi: 10.1056/NEJM 198007313030506] [Medline: 6247655]
Krakowiak K, Durrington HJ. The Role of the Body Clock in Asthmaand COPD: Implication for Treatment. Pulm Ther
2018 Jun 01;4(1):29-43 [doi: 10.1007/s41030-018-0058-6]

van Limburg LM, van Gemert-Pijnen JEWC, Nijland N, Ossebaard HC, Hendrix RM G, Seydel ER. Why businessmodeling
iscrucial in the development of eHealth technologies. JMed Internet Res 2011 Dec 28;13(4):e124 [FREE Full text] [doi:
10.2196/jmir.1674] [Medline: 22204896]

Abbreviations

ALPACA: Ambulatory Pediatric Asthma Care

C-ACT: Childhood Asthma Control Test

CE: Conformité Européenne

EU: European Union

GDPR: General Data Protection Regulation

HCP: health care professional

MST: Medisch Spectrum Twente

QoL: quality of life

SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials
SpO2: oxygen saturation

Edited by A Mavragani; submitted 12.01.23; peer-reviewed by R Ramsey, C Zou, D Ryan; comments to author 11.03.23; revised
version received 31.03.23; accepted 30.04.23; published 03.07.23

Please cite as:

van der Kamp M, Hengeveld V, Willard N, Thio B, de Graaf P, Geven |, Tabak M

Remote Patient Monitoring and Teleconsultation to |mprove Heal th Outcomes and Reduce Health Care Utilization of Pediatric Asthma
(ALPACA Study): Protocol for a Randomized Controlled Effectiveness Trial

JMIR Res Protoc 2023;12: 45585

URL.: https://www.researchprotocols.org/2023/1/e45585

doi: 10.2196/45585

PMID:

©Mattienne van der Kamp, VeraHengeveld, Nico Willard, Boony Thio, Pascal de Graaf, Inge Geven, Monique Tabak. Originally
published in IMIR Research Protocols (https://www.researchprotocol s.org), 03.07.2023. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2023/1/e45585 JMIR Res Protoc 2023 | vol. 12 | e45585 | p. 14

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/34126003
https://europepmc.org/abstract/MED/34126003
http://dx.doi.org/10.1002/ppul.25505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34126003&dopt=Abstract
http://dx.doi.org/10.1056/NEJM198007313030506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6247655&dopt=Abstract
http://dx.doi.org/10.1007/s41030-018-0058-6
http://www.jmir.org/2011/4/e124/
http://dx.doi.org/10.2196/jmir.1674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22204896&dopt=Abstract
https://www.researchprotocols.org/2023/1/e45585
http://dx.doi.org/10.2196/45585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

